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1. SUMMARY

A study of the sensitivity of the Manned Mars Mission to the Martian and
Cismartian environment has been performed under Phase I of Contract No.
NAS 2-2478. The primary objective of the Phase I activity was to: " identify
those environmental factors that can influence the planning and design of the
Manned Mars Mission, and to establish the qualitative and quantitative relation-
ships between uncertainties in the environmental factors and the design of the
mission. Results obtained from the analyses reported herein are summarized

below.

The priorities for the experiments in the order of their importance are:
solar cosmic radiation environment, meteoroid environment, and atmospheric

properties.

The atmosphere models assumed include the Schilling II Upper Limit (132 mb),
the NASA Model 2 (25 mb) and the NASA Model 3 (10 mb) versions. Recent data
tend to favor the lower density models. The NASA Model 2 (25 mb) version was
selected for the nominal case. A review of available data on the Martian atmos-
phere was made, and probable limits established for the various factors.

Analyses were made to support the review where required.

Effects of Atmosphere Uncertainties

The uncertainties in the Martian environment, as bounded by, the Schilling
1I Upper Limit Model (132 mb) and the NASA Engineering Model 3 (10 mb) can
reduce the entry corridor in the worst case from 74.5 km to 21.9 km for a
spacecraft having a lift-to-drag ratio capability of 0.3. Corridor reductions
dué to roll requirements are negligible, but uncertainties in diurnal effects on
atmosphere scale height and density, which were not calculated directly for
the Martian atmosphere, could reduce the corridor by an additional 10 km, based
on earth reentry analyses. The corridor accuracies attainable with state-of-the-
art navigation systems is estimated to be 5.4 km (3 o), which is within the
capabilities of the L/D = 0.3 aero entry system, unless the diurnal effects are
greater than 10-15 km. An increase in LL/D to 0.4 increases the corridor {for
the worst combination of atmosphere properties) to 46 km which is adequate to

cover the above uncertainties.

1-1



5303-6013-TUC0D

Recent Mariner IV occulation experiments, and results obtained by recent
earth-based spectroscopic analysis by Munch and others, indicate that the band
of uncertainties on the Martian environment probably are covered by the Model 2
and Model 3 atmospheres (25 to 10 mb), in which case the corridors attainable
with L/D = 0.3 are more than adequate.

Aero heating shield requirements are not stnngent (amountmg to about ?
percent of the spacecraft weight at Mars entry) and do not vary greatly with
/D, up to about L/D = 0.3 to 0.4. About 4000 lbs additional shielding is re-
quired if L/D is increased from 0.1to 0.3. The greatest effect on shielding

9

is due to uncertainties in scale height, which determine the length of time the
shield is retained after entry until a safe jettisoning altitude is reached. Un-
certainties in composition are not important, except for the effect of composi-~
tion on density variation with altitude. Radiative heating effects are reduced

to 2 minimum by sharply pointing the forebody of the spacecraft. Atmosphere
surface density can affect the design of the Mars Excursion Module in the areas
of decelerator sizes and weights, and in ascent traJectory shaping and prcpellant
requirements. Decelerator {parachute plus retro) weights can be increased by
1.8 percent in the worst case, leading to 0.1 percent increase in spacecraft gross
weight. Ascent trajectory losses are affected appreciably because of parking
orbit altitude variation with atmosphere density. Increases of 2.3 percent in

spacecraft gross weight are incurred in the worst case.

Radiation Environments

Nuclear radiation dosages appear to be within limits prescribe& for the
Apollo mission, assuming a shield of 22 gm/cmz. Recovery effectiveness, if
realizable, could reduce the shield to 10 gm/ cmz, resulting in a 4.8 percent
reduction in spacecraft gross weight. The Mars atmosphere contributes some-
what to shielding against nuclear radiations and does not cause peaking of total
secondary radiations. Uncertainties in the solar radiation environment and
shielding effectiveness could increase shield thickness from 22 gm/‘c:rn2 to
35 gm/sz, resulting in an. additional spé.cecraft gross weight penalty of 3.5
percent. The overall effects of uncertainties in recovery factor, and flux and

shizlding effectiveness could increase gross weight by 8.3 percent.

1-2
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Uncertainties in meteoroid flux mass models can amount to one order of
magnitude, resulting in shielding weight increases of about 100 percent. The
resulting 1ncrease in spacecraft gross welght is 7.5 percent, It is noted that
meteoroid flux and shzeldmg effectiveness uncertainties have a relatively large :

effect on mission weight, and should be reduced by precursor missions.
Winds

Winds can have a substantial effect on landing operations, due to reduced

vision because of dust, excessive drift rates, which must be nulled before impact,

and propulsion requirements to null drift velocity and drift range. In the worst
case spacecraft gross weights could increase by 0.7 percent due to winds.
Drift meters must be installed to effect drift cancellation. The effects of winds

on MEM ascent are small because of the small dynamic pressures generated.

Biocontamination

Possible contamination of the lander crews by pathogens on the Martian
surface cannot be predicted in advance of the manned missions based on the
results of precursor missions. Decontamination procedures have been devised
to reduce the possibilities of contamination to acceptable levels; this effect
should not pose a strong hazard to the crews, but may constrain surface

operations on the early missions.

Soil and Terrain Properties

The lander iouchdbwn dynamics can be affected by soil conditions and
terrain characteristics, but to a minor degree. Landing géar designs can be
adopted which minimize these effects with little increase in weight. Surface
rover performance could be seriously affected by unusually weak or sticky
soils. These effects can be minimized by proper design techniques, particularly

the use of wide track techniques, but range performance would be reduced.

1-3
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Ionization at Surface

The presence of a strong ionization belt at the surface of Mars has heen
predicted. This belt could affect the proper functioning of electrical equipment
and communication radiators. It also interjects an uncertainty in Mariner 4

measurements of the atmosphere by radio occultation techniques.

Experiment Priorities

A summary of the sensitivity analysis is given in Figure 1.1. A recom-

mended list of experiment priorities is given in the following table.

o —
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2. INTRODUCTION

Recent studies of the Manned Mars Mission, including those conducted by
Space Technology Laboratories for the NASA Ames Research Center (Reference
i. 1), have indicated that it may be possible to perform the early manned mission
during the early 1980's. Unfortunately, many gaps exist in our knowledge of
the environment of Mars, to the extent that many decisions in the selection of
basic mission modes cannot be made with certainty, and specific designs for
any giveﬁ mode are difficult to prepare because of lack of realistic design
criteria. The Manned Mars Mission advance planning study programs will
suffer similar shortcomings until more complete data on the planet become

available,

Based on the foregoing considerations, two key requirements can be placed
upon unmanned precursor missions to Mars: first, the precursor programs
should be targeted for the near future so that they can contribute most effectively
to the early manned mission planning and development programs, and secondly,
the precursor programs should be capable of performing those measurements

which are of most importance to design and development of the manned missions.

2.1 Study Objectives

The objectives of the proposed study program can be clearly stated as:

o Those environmental factors that can influence the planning and design of
Manned Mars Mission systems are to be identified, and sensitivity analyses
performed to establish the quantitative relationship between uncertainties in

the determination of the environmental factors and the system implementation.

©  The design of unmanned systems to obtain the necessary environmental

information are to be analyzed and compared.

2.2 Study Approach

The sequence of study analyses tasks is shown in Figure 2.1. The study
program is divided into two phases: the first deals with the determination of
the sensitivity of the manned mission systems to the environmental factors,
and culminates with the tabulation of the pertinent factors and the relative
importance of each; the second phase of the study is devoted to the analysis
of unmanned spacecraft systems designed to acquire the necessary environ-

mental data.
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Reference Manned Mars Mission profiles have been selected with the con-
currence of NASA/Ames, and are used as a basis for the system sensitivity
analyses. System weight scaling laws developed at TRW (Reference 1.1),
available on computer set ups, were used to compute the changes in system
weight and design as a result of variations in selected environmental factors.
Environmental factors were selected after a survey and analysu of known or
estimated environmental data.

A TRW mission optimization computer set up was used to establish best
trajectory paths and calendar dates for each mission analysis case. This step
is vital to the sensitivity analysis because small deviations from the optunum
path can cause significant increases in spacecraft gross weight, completely

obscuring the effects of variations in environmental factors.

The results of Phase I are used as the basis of establishing the functional
requirements for instrumentation and unmanned spacecraft operating modes
analyzed in Phase II of the study. A ®uitable matrix of cases was prepared,
combining data acquisition modes and spacecraft operating modes mcludmg
flyby, orbiter and direct lander techniques.

Spacecraft demgns generated for the selected modes are sufﬁmently
detailed to permit an evaluation and companson of the various approaches .
The mission optimization technique described above for the Phase 1
sensitivity analyses was used to select the best trajectory paths and calendar
dates. The trade-offs and comparisons include weight, power, rehablhty,

relative cost, and effectiveness in accomphshmg mission objectives.

" An important task in Phase II is the selection of a matrix of data
acquisition m;odes ‘and spacecraft operational modes, including flyby, orbiter
~ and direct landing modes. Certain of these modes cannot accommodate all
data acquisition functions, and require a sequence of missions to obtain the
necessary environmental data, (e.g., Martian atmosphere). Other spacecraft
modes are ‘:oinple.:;, or cannot easily satisfy the sterilization criteria. Each
spacecraft operational mode-requires that measurements be made w1th

different techniques or different instrumentation.

The present report contains the analyses and results of the Phase I study.
The environment-is described, and environmental factors selected that have an
influence on the design of the manned system. Vehicle design analyses are

2-3
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3. SCOPE

A wide range of Manned Mar$é Mission modes was analyzed for sensitivity
to the martian and cismartian environment. The modes examined include Flyby,
Mars Orbiting Rendezvéus (MOR) with landings by a Mars Excursion Module
(MEM), and Direct landing. Chemical and nuclear propulsion configurations
were included, as well as aerodynamu: and retro brakn:g modes at Mars.

The matrix of cases is gwen in Table 3. 1 This matrix was adopted for the
sensitivity analysis with the exception ‘that the range "of mission upportumtxes
extended from 1975 - 1990. o o

TABLE 3.1 MANNED MARS MISSION MODES

I. Perform Sensitivity Analysis to Establish:

(1) Effect of environmental uncertainties on nominal manned mission

{(2) Environmental measurements priority for nominal mission

{3) Nominal mission for detailed investigation:

1982 MOR - Aerobraking - 7 men -10day staytime -
chemical propulsion ,

(4) Apply scaling laws or other suitable criteria to determine
effect of environmental uncertainties on nominal mission
during 1980-1995 time period

{5) For comparison with nominal mission determine these effects
on other manned missions including:

(a) Flyby (3 men)
Chemical and nuclear
(b) Landing (10-day staytime)
Chemical and nuclear
(i) Direct (4 and 7 men)
(ii) MOR (7 men)
aerobraking (nominal mission)

retrobraking

Three atmosphere models were selected by the Ames Research Center:
NASA Model 3 (10 mb)
NASA Model 2 (25 mb)
Schilling II Upper (132 mb)

Properties of the atmospheres are given in Section 5.

3-1
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4. REFERENCE MANNED MARS SYSTEM

The following paragraphs present typical mission characteristics and a
reference manned Mars system design, based on the results of a recent study
conducted for the Ames Research Center (Reference 1.1). The system is
analyzed for its sensitivity to uncertainties in the Martian environment. Scaling
laws presented in Appendix C are used to adjust the reference design for changes
in mission parameters {velocity, duration), design parameters (propellants,
micro-meteoroid protection, solar radiation protection), and mission modes

(retro braking, aero braking, fly-by and direct lander).

4.1 General Mission Characteristics

Launch opportunities for Mars round trip missions are generally associated
with Mars-Earth oppositions, and precede by 3 to 4 months the opposition dates,
which occur on the average every 25.6 months. Because of the eccentricity of
the Mars orbit, the mission trajectory profiles change from one opposition to
the next. Earth entry velocities are particularly sensitive to changes in tra-
jectory profiles, and range from 46,000 fps in a favorable opposition such as
1971, to 70, 000 fps in an unfavorable opposition such as 1980. The cyclic pattern

of mission profile variations repeats every 15 years, or every 7 oppositions.

Mission Modes

Two general classes of direct-mode round trips to Mars are available:
opposition-class modes with short stopover, and conjunction-class modes with
long stopover. The opposition-class missions are shortest in duration but are
characterized by high earth-return velocities in the majority of mission oppor-
tunities. This undesirable situation is avoided in the conjunction-mode missions
in which the departure from Mars is delayed in order to achieve a more favorable

earth-return path.

Typically, the direct-mode round trip to Mars consists of a short (71800)
transfer to Mars, arriving approximately 100 days after opposition, with return
to earth via a long transfer (- 1800). Total trip duration varies between 400 and
440 days, and earth entry velocities range up to 70, 000 fps in the unfavorable
years. A typical mission trajectory path is shown in Figure 4. 1(a) for an

unfavorable opportunity, 1975. The return from Mars is made under unfavorable
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circumstances because Mars ''lags' the Earth in heliocentric position; to gain
a rendezvous the spacecraft must pass inside the orbit of Earth to develop a
higher angular rate of travel than that of the Earth. Unfortunately, rendezvous
with Earth occurs when the heliocentric radial velocity components are near

maximum, giving rise to high earth approach velocities.

An "inverted' mission mode is possible wherein the long transfer (71800)
is followed on the outbound leg, and the short transfer (<180°) on the inbound
leg. In this case Mars is in a heliocentric 'lead' position with respect to Earth
as the spacecraft departs Mars, and a more favorable return passage can be
taken, as shown in Figure 4. 1(b). However, the earth-departure propulsion
requirements are increased drastically because of the large radial velocity

components at earth depart.

In summary, the opposition-class missions with short dwell times at
Mars must accept either high earth~return velocities or high earth-departure
propulsion requirements: these two characteristic mission velocities cannot be
reduced to near-minimum values simultaneously by trajectory manipulations

alone.

An alternate mode is possible if the constraint on dwell time at Mars is
removed. Assume that a short transfer is made from Earth to Mars, arriving
3 to 4 months after opposition, as in the optimum opposition mode. As noted
previously, the spacecraft now '"lags" the Earth in heliocentric position. If
we extend the stopover on Mars, a favorable position for earth return will occur
shortly before the next opposition, Wh'en Mars again is in a ''lead" position with
respect to Earth, see Figure 4, 1(c). Near minimum earth-arrival velocities

are achieved, but stay times on Mars are increased to 500 to 700 days.

The Venus swingby mode has been found attractive because: {a) the
spacecraft usually passes inside or near the orbit of Venus, either on the return
leg of the direct mode, or on the outbound leg of the direct-inverted trajectory
mode; (b) the gravitétional field of Venus is sufficiently powerful to accelerate or
decelerate the spacecraft significantly by proper alignment of the hyperbolic
pass around Venus; and (c) the angular rate of travel of Venus is large com-
pared : to that of Mars, so that the planet is generally "available' for the job

of trajectory energizing or de-energizing. The gravity field of Venus thus can
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be used to rectify the shortcomings of the d1rect mode Mars round tr1p m1ss1ons
described prev1ously to reduce the earth-arnval veIOC1t1es for the d1rect-mode ,
return passages, or to reduce the earth departure propulsmn requlrements for

the d1rect-1nverted-mode passages.

F1gure 4.1 demonstrates the usefulness of the Venus swmgby mode, .as.., ..
applied to the 1980 mission. Earth-return velocities are reduced from 66,000
to 41,700 fps, although overall trip time is increased by 19 percent. The
general applicability of the Venus swingby mode to all mission opportunities has
been verified (see Reference 1. 1). It is noted that the Venus swingby technique
can be applied with even greater benefits to Mars flyby missions, for which
earth-departure as well as earth-return velocities can be reduced by significant
amounts. The sensitivity of spacecraft design to the varlatlon in traJectory

pa.rameters over the cycle of Earth-Mars oppos1t1ons is greatly reduced

Direct~ Mode M1ss1on Characteristics

EARTH ORBIT RENDEZVOUS

AERO ¥, AERQ /RETRO
CAPTURE CAPTURE

EXCURSION MODULE LANDING

Figure 4.2 Mars Stopover Mission Profile
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Characteristics have been established for Mars orbiting stopover missions
with profiles similar to that shown in Figure 4. 2. The spacecraft departs irom a
low=-altitude earth orbit, decelerates into a 500-km orbit about Mars, using
either aerodynamic or retro braking, remains in Mars orbit for 10 to 60 days
as a Mars excursion module descends to the surface with a small crew for
exploration, and departs for Earth after rendezvous with the lander party.
(The mission profile is analogous to that of the manned lunar Apollo mission.)
Weight scaling laws were developed from the designs described in Section 4.2
and used as the basis for selecting optimum combinations of calendar dates,
total trip time, and leg time to minimize total spacecraft weight on Earth orbit.

The results obtained are shown in Table 4. 1.

Table 4.1 indicates the optimum launch dates, durations, and leg times
and velocities for a complete cycle of opportunities. Overall trip times (for
the aerodynamic deceleration modes considered herein) vary from 419 to 436
days. It is interesting to note that optimum earth launch dates occur approxi-

mately 100 days before the opposition dates.

Little variation in velocities occurs over the range of favorable to
unfavorable opportunities, with the exception of the earth-arrival velocities,
which increase rapidly as Mars nears its aphelion. Mars entry velocities
range from 22,000 to 29,000 fps. A value of 27,500 fps was selected for the

mission sensitivity analysis discussed in Section 10.

4.2 Vehicle Design

A representative vehicle design is presented in the following section, based

on the following assumptions:

Propulsion Hydrogen-Fluorine

Crew 7

Deceleration at Earth Aero

Mars Landing Mars Excursion Module (2 or 3-man
crew)

Atmospheric braking at Mars has a pronounced effect on spacecraft gross
weight (spacecraft gross weights in earth orbit are reduced by a factor of two

for the chemical design), and was given serious consideration for that reason.
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Aerodynamic deceleration at Mars is feasible with the entry velocities
encountered {25, 000 to 30,000 fps). Severe radiative heating, due to the
presence of CN in the shock, is encountered during Mars entry, and dictates
the use of pointed rather than blunt forebody shapes, but overall heat shielding
weights are not large. Retro braking versions are considered in the sensitivity

analysis presented in Section 10.

System Configuration

The spacecraft design developed in Reference 1.1 is shown in Figure 4. 3.
The earth-departure tanks are attached aft of the main spacecraft by means
of a flared skirt, which serves to decelerate and stabilize the vehicle during
Mars entry, and aisoc to hcuse the Mars departure tanks (see Frontispiecej.
Hydrogen-ficorine propellants are used in both earth-departure and Mars-~-
departure propualsion systems because of the high performance and high pro-

peliant bulk density (compared to that of hydrogen-oxygen propellants).

The main spacecraft consists of a central mission module of 260~-inch
diameter, which contains the basic crew quarters. The Earth entry module
and Mars Excursion Module (MEM) are housed in the main spacecraft. The
command module is equipped with guidance and navigation gear, communication
links with earth, and with adequate life support to perform earth entry and

satisiy abort requirements.

A partially closed ecological system is assumed {water and atmosphere

are processed and reused, but food is not).

As noted previously, earth entry velocities can reach 70,000 fps, which
tends to reduce earth entry corridors and requires higher L./D capsules {up to

1.0}. The L/D = 1.0 capsule is shown in Figure 4.4.

Earth entry capsules with L./D = 0.5 were also considered. This type of
module is adequate for a 1971 mission but is not feasible for other direct-
return missions requiring higher earth entry velocities. However, the module
is feasible for Venus swingby return missions, which characteristically have
earth entry velocities below 50, 000 fps. The Apollo-type entry capsule

installed aboard the spacecraft is shown in the Frontispiece.




qJusweSuBIly TBJISUSD - 1Je1090edg SIB PIUUBH

“gen 2anITd

NOUYLS ONVIINOD 03013HS Javid

V62-15 Od} Ty 105 nim -1vIINS SuvA

96 ' 22 NVl
TR e ey

S O NOO Cvevar OB

S3Ivid 2
vid 13 2
YNNILNY S0

O

O

£/

i
i

AN
.

3@ CRINIT
ﬁ SRy i s

ONCLS
LSRR PEL)
I5VM0LS —
AHGNY 1~

wigy 35IT83IA3
13noy

5317ddNS 1Y NAIN

QINNYN- INIWIONVEYY TvdIN39 ]
S LTI T L

STIWOLVEOEYT ABOIONNDIDA »ovVes !-

Ty 2) WOy vevazud ¥

JOVMOIS (CU3 7

SIHINI_ Nt 3IVIS
[ eh—— = — = |
6t 30, 0% ]

NOTVAN JIONIMd
*5IML 001°0THHS

372$ 0394y W3
VL.

M IVIH AHLND SHVN
ATHYY HVIDS a
(INVTD @39) D% VST 133MS ﬂ!ﬁonw»wﬂ!u!
ERUA-NIERIEEL] e : AOTIV WOV 020

“C1- € O I A01IVHATY OVO' WML 001 (NvH
HO¥313°08 082 r Tivi 3unsS3ud AUSNID ¢ 4/919 438
$3100vd 2 LIMS AOTIY ANV 05O 07 GNODAINOH ‘MY ISON)

{0320143Q) ‘onNId INVHS Q8!

Avady 8¥105 - - oy

S¥NvL 01 Q3¥d34SNVEL

373N00W TONIGIIHS INIZTHOAH

NOISHNIX3 SHYN —

f _
k ) ] VYeo!
i i i
Nwsdd €210 /Y 7 a .
N .ml\ Q R
N i | y )
- i b — J ~
LPMwsTa / ]\
iGN SEvA il &I”l - Ning K 3 * 1500830 WY3 104
3 il = - L 532Vt 9) SNVL
1INV 113008 v s LA NN . - u.l -
2 2InNT - 4 m;
23700 Savi R -~ WML OO0
o \USN3Q il /81 9 W5 Q3IDUVING
C 350D BNOIATNOM NNV — - F
R P IV NOMAN JNIONHd DOT 1L O0%
“0vd ONICNY K} [ ALMMAL \I AoHs SH3VL SSINAL
% e Nt OU GIIHS L1VIH AHINI SHVW
i
e HHL OS'C
7 N335 2
LY B 2 ooi 0350\ w0 a1ams
0 - 05 "3INCON OOSIRLINCUIN
i 0371NSS Jug ult _ AQINZ-3Y HIHTI
) € v SINW Y
1500830 W3 Y04 I9OIdAL 13INS

FWALONULS ISVE
A1V WMV 020"

I9YMOLS
SWI1545 YOMING

ITIN INNOMANT
ONY 180ddNS 341T—,

INVIX3S ONY /

— FOVMOLS Sidvd

34¥dS OGNV 1001

340053731 ///

ININNYIS —'

oW — / WLNK BADY

/izQwiwm ONYIWNOD
ONIOTIIHG 3dY 14 HYI0S

HIyH) WINID

q
v I ININOD SIELNOD $33 ¥ 5SS

SMNYL a0ud 1500830
(2) SHOIOW  1SO0B30 Wd 3




~
LRV

3

ey

R, “y -
BZl3a5l1za

(0°T = @/1) STwpoN AIjuyg ujaey

f° 4y 2aNITA

- 1501
Vareertey aante

e

[£4]

IOVYMO LS
AUNHD
190C¥a

e \Mw_
i

[ star 10uN0D

\ - NOLDYIY TI0N

- §131 IOUNOD
NOIDVI MYA

MEC VB TEA N ORE GRS IE (BRI R

®

o

G
wdae pr toe
o

BT/ 00N NN W W
N TR TONEEY VHIRD

SR

o]
N 1ovan) rw ‘
LoV Y

N

"

SIHONI MI 1IVDS
R RS T HEHE
0c O 0 OZ Ot 0

JLDWAN WG s - GRE e "
TN IavMOLS INIWAINDI AOO04

- YOLVANILLY
1OViWI amd

- JINYMOTIY

.

/

m.,

&2
4
§

/s(_ !L <L
- NISYD UNSSIVI

INIWIND3
INIWIND3
NOUVOIAVN NV 3ainp  "VALSAS ABAOON

/ INIWNOUIANT

- f,@ o b
LN T e ﬂ P
e R o g AN
I( \ o ;\\,,mxmuw..z : . /
S IIHS SVIH

SWILSAS
TOUNDD DINIHISOWLY

INFWINDA TYAL
ANY 14Wd 330

FOVYMOLS UNHIVEVE NIVW

F-HNOIOIS

, +3, e

ammwmm“mﬁ,. \
; 38 y | ]

SAYWSIO
ANY SIOENOD -

TOWUNOD

4-9




5303-6013-TU-000

The MEM is des1gned to 1ahd 26 3 men on ‘thel surface ana 'support their ‘
activities for 10 to 15 days. Aerodynamic entry and deceleration in the Mars
atmOSphere ‘waé assumed for the MEM. Terminal touchdown is accomphshed
with a parachute plus retrorocket; parachute settling speeds range up to 320 fps
for the Model 2 (25 mb) atmosphere, but landing system weight is only slightly
greater than that of an earth system if an optimum distribution of parachute and
retrorocket weight's is employed. The external‘ ;hape is. designed te reduce
ascent drag and g.r'a\}ity losses, which can be severe (4,000 ft/sec). ‘A hydrogen-
fluorine propulsion stage returns the MEM to orbit. The MEM weighs 50,000 ..
lbs.

Thermal control of the Mars departure tanks can be accomphshed ,
utilizing passive insulation techniques with weight penalties of about 4 percent.
Refrigerator systems are lower in weight but less reliable. Thermal control
of the Mats excursion module while on the Mars surface poses a difficult
problem because'.‘va.cuu‘m insulation techniques lese their effectiveness; a
double~wall ""thermos-bottle! thermal control technique is assumed for the
MEM propellant tanks. : o A ‘

. Electric power requirements are about 6 - 8 kw, which-is in the range
‘~.~su1tab1e for power sources. Solar cell arrays-are competitive in terms of
weight and devoid of many operational problems associated with nuclear systems.
A fuel cell can be used as a power source during sotar occult in the Mars orbit.’
The 5pacé¢'raft design shown in Figure 4.3 utilizes a solar-static power source,
which is folded into the vehicle flare during launch and Mars entry..

An overall spacecraft weight statement is given in Table 4,2 for the 1982
mission, assuming a 6-man crew, aerodynamic braking at Mars and Earth,
hydrogen-ﬂu_ggine propellants, and a 10-day stopover. Allowance for Earth-
and Mars-depart holds are not included.
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TABLE 4.2 WEIGHT SUMMARY (1975 MISSION)

Component ‘ Weight (1, 000 ibs)
Earth Entry Module ‘ 15.1
Mission Module : 98.2
Midcourse (Inbound}, AV = 320 fps ) 4.8
Depart Mars Propulsion (H, - F,) , 245,0
Mars Excursion Module 50,0
Mars Arrival Heat Shield 65.3
Boiloff and Expendables 11,6
Midcourse (Outbound), AV = 320 fps 22,2
Earth Depart Propulsion (H2 - FZ) 1,078,0

1,590.0

Earth Launch and Assembly

The uprated Saturn V can be employed for earth launch if 4 to 6 shots
are used to assemble the complete spacecraft in the parking orbit. Fully-
loaded propulsion elements can be brought up and joined with the main space-
craft, thus avoiding the necessity of transferring propellants in orbit.
Construction in orbit is not required, or desirable; rendezvous and docking

procedures only need be involved.

Artificial Gravity Provisions

An artificial-gravity version of the Manned Mars spacecraft uses spent
propellant tanks, suspended from the main spacecraft by means of cables as
counterweights, A gravity level of 1/6 g is provided. This configuration was
verified for dynamic and long-term stability on a 9-degree~of-freedom computer
program developed for space station analyses (Langley Research Center).

The results indicated that no stability problems will be encountered if suitable

damping is provided at the cable attach points. Attitude control jets must be

provided on both masses.
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Mars Flyby Spacecraft Design

A spacecraft design was prepared for the Mars flyby mission based on
design approaches developed for the stopover missions. The Mars excusion
module was deleted from the spacecraft, and the Mars departure propulsion
system capability was reduced to that required for the flyby powered turn,
which was assumed to be 3,000 fps.  Additional allowances for interplanetary
navigation were made (3 corrections of 350 fps each), The total spacecraft
weight in earth orbit is estimated to be 440,000 lb, assuming a six-man crew,
and hydrogen-fluorine propulsion for earth depart and for the powered turn at

Mars. A sketch of the spacecraft is given in Figure 4.5.

Life Support and Environmental Control

Because of the long duration of the cruise phases of the mission, the
MMM subsystem regenerates both oxygen and potable water from metabolic

waste. General features of this system are the following:

a. A two-component atmosphere, 52 percent 02, 44 percent NZ’

with a total pressure of 7 psia.
b. Control of CO, by conversion to'HZO and methane.

c. Control of cabin relative humidity to approximately 60 percent
at a temperature of 70°F. . The water removed from the atmosphere

is purified and reused.. .

d. Water reclamation from utility water and urine by chemical

treatment and vapor cdmpreséion distillation.

e. Generation of the major part of the required oxygen by electrolysis

of water.

f. Control of atmosphére contaminants of higher molecular weight

by absorption on activated carbon.-

g. Control of lower weight atmospheric contaminants by catalyzed

burning.

h. Stored oxygen and nitrogen to make up cabin leakage losses as

well as to provide 10 complete changes of the vehicle's atmosphere.

4-12
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Communications

For information transmission from the MMM to Earth during trans-

Mars, trans-Earth, and near-Mars phases of the mission, the following

performance criteria were assumed.

a.

The radio terminals at Earth use 210-ft antennas, operating
in the frequency band 2295 mc. The receiver system noise
temperature is _IOOOK, which includes all sources of internal

and external noise; the receiver IF bandwidth is 3 mc.
The communication._range extends to at least 1.0 AU.

During near~-Mars phases of the mission, the communication

range does not exceed 0.7 AU,

When transmitting at low-power, the spacecraft equipment
must be capable of continuously supporting angular tracking
and range-rate (two-way doppler shift) measurements. The
maximum duty-cycle for low-power transmission is 100

percent.

When transmitting at high-power the spacecraft equipment
must be capable of transmitting either real-time- television
simultaneously with low-rate telemetry, or one speech
channel and medium-rate telemetry, or high-rate telemetry
only., During this transmission, the capability of performing
angular tracking and two-way doppler measurements must be
maintained. The duty cycle of high-power transmission is

10 percent during coast, and 80 percent about Mars.

The television channel must be capable of transmitting one
250-line frame per second during near-Mars phases of the
mission (0. 7 AU) and every 5 seconds at ranges up to at
least 1.0 AU,

The design concept derived includes a transmitter output power of 500

watts in the high-power mode of transmission and 10 watts in the low-power

mode. The output power of the high~power transmitter can be raised to

4-14
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1,000 watts for short periods. The carrier is phase-modulated either directly
by digital data or by two sinusoidal subcarriers. The directional antenna at

the MMM has a diameter of 12 ft.

The video signal from the television camera directly frequency-modulates
a television subcarrier, while the digital telemetry bi-phase modulates the
telemetry subcarrier. Both subcarriers phase-modulate the RF carrier. A
television video bandwidth of 9. 0 kc is obtained, which permits readout of a
250 line TV frame in 3.4 seconds. Camera tubes for this relatively slow
readout rate require an erasure phase of about 1.5 seconds after each readout,
which increases the total frame period to 5 seconds. Telemetry at a rate of

2,000 bits/second can be transmitted simultaneously with the television.

The telemetry rate is 20, 000 bits/second with a bit-error probability of

-3
10 .

For television, the transmission rate near Mars results in a frame-~rate
of 1 frame per second. The capability of transmitting at double power, i.e.,
at 1000 watts, during shorter lengths of time, permits further increase to 2
frames/second. For critical mission phases, such as docking of the MEM
with MMM, B frames per second is feasible if the picture resolution can be

degraded by changing from 250~line frames to 125-line frames.

4.3 Navigation

Simulated flights from Earth to Mars and return were made employing
state-of -the-art sensor systems. A 1978 mission was chosen for analysis

because of its long duration and relatively high entry velocities.

On both legs of the flight, it was assumed thatilaunch into the inter-
planetary transfer orbit was made from a circular parking orbit about the
launch planet. The criteria for evaluating the effectiveness of on-board
tracking was the crossrange uncertainty at perifocal passage at the target
planet. The results of the outbound leg from the Earth to Mars are givén in
Table 4.3, At perifocal passage the uncertainty of 0.91 km is equivalent to
an entry corridor of 5.4 km (3 sigma). This is within the expected required

corridor based on aerodynamic entry system performance.
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TABLE 4.3

CORRIDORS AND VELOCITY CORRECTION REQUIREMENTS (1978 MISSION)

TRACKING CORRIDOR
UNCERTAINTY
. (KM) (KM)
EARTH-MARS
STAR/SUN SENSORS 0.9 (1) ' 5.4 (30)
STAR/STAR SENSORS 0.2 1.1
MARS-EARTH
STAR/SUN SENSORS 3.4 (10) 20.4 (30)
STAR/STAR SENSORS 0.7 4.2
DSIF (AT 210 DAYS) 0.67 4.0
CORRECTION VELOCITIES
EARTH - MARS 345 FPS (30)
MARS - EARTH 300
645

BASED ON: DSIF NEAR EARTH
STAR/SUN SENSOR SYSTEM NEAR MARS.
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For the return flight from Mars to Earth the perifocal passage uncertainty
is 3.42 km, which is equivalent to an entry corridor uncertainty of 20.5 km
{3 sigma). This corridor is too wide to meet the aerodynamic and loading
constraints anticipated for high speed entry {70, 000 fps). A maximum entry
velocity of about 56,000 fps, with atmospheric uncertainties can be

accommodated.

Further investigation was made of the earth-return navigation problem to
reduce perifocal passage uncertainties to 2 level compatible with entry corridor
constraints, using earth based radio guidance. The improved-accuracy optical
on-board observational model was achieved by replacing the sun sensor with a
second star sensor, which is basically more accurate. The substantial improve-
ment in tracking uncertainty is shown in Table 4.3, and is adequate to meet the _

requirements for earth entry at velocities approaching 70, 000 fps.

The use of earth-based radio tracking (for earth entry) yields very low
tracking uncertainties, assuming availability of the 210-ft ground receivers,

currently planned for operation before 1970.

Midcourse and terminal velocity correction requirements have been
estimated, based on the computed tracking uncertainty characteristics.
Conservatively, these requirements are 346 fps for the Earth-to-Mars leg,
and 300 fps for the Mars-to-Earth leg {assuming use of the star/sun sensor

on-board system).
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Engineering data on the martian and cis-martian environment necessary
for the design of the manned Mars mission system are incomplete and
inadequate in most areas. In a few instances the amnned Mars mission system
is relatively insensitive to selected environmental factors, but in most cases,
significant design and system weight penalties must be paid to accommeodate the
“"worst' case. In fact it is often difficult to define a "worst' case, as with
surface soil properties, and biological contamination hazards. These short-
comings in our knowledge of key missidn environmental factors become apparent
as the interfaces between mission and environment are defined and dnalyzed in
the succeeding chapters. The status of our knowledge of the martian environ-

ment is indicated qualitatively in Table 5. 1.

TABLE 5.1 STATUS OF DATA ON MARTIAN ENVIRONMENT

Atmosphere

Thermodynamic Properties
Density vs Altitude

Surface Density
Temperature vs Altitude
Surface Temperature
Chemical Composition H
Electrical Properties ¢
Ionosphere

Meteorology
Winds X
Cloud Cover X
Dust Storms
Climate

E R R

b

E ]
»

Surface Conditions

Surface Composition X
Soil Strength Properties X .
Topography X

Areology
Biology - Vegetation

E g g

»
o

Radiation Environment

Cosmic Radiation at Surface :
Cosmic Radiation - Cismartian !
UV Rad:ation Density at Surface
"Van Allen' Belt

K

R

Micrometeoroid Environment : i

General

Reflectivity - Albedo PX
Magnetic Field P X
Gravitation Field t X
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Space Technology Laboratories has just completed a preliminary draft : .
of a handbook on the Mars environment (Reference 5.1), which serves as a basis
for several of the environmental factors discussed in the following sections.
Additional new calculations on the cosmic ray density and electron density at the

martian surface are reported herein, the latter being of significant importance

to equipment operation. Other data from the Handbook are in Appendices A, B..

Mariner 64 carries a UV scanning spectrometer, magnetometer, IR
radiometer, and otherinstrumentation, and, if successful, will yield informa-
tion on atmospheric composition, surface temperature, magnetic field, and
other factors of great value. The radio attenuation experiment, designed to
obtain data on the density and scale height of the atmosphere, may be of
questionable value if electron densities near the surface are high, as the new

calculations summarized in Section 5. 2 predict.

5.1 Mission - Environment Interactions

The martian and cis-martian environment affects many key facets of the
manned Mars mission, both in terms of design functions, operational modes
and system trade-offs. In many cases, quantitative assessments of mission- .
environment interactions can be made, at least on a parametric basis; in
other cases interactions can be expressed in qualitative terms only because

of the complete lack of data.

Table 5. 2 lists the environmental factors considered herein, and the
mission design and operational elements that are affected by the various
factors. The table categorizes the mission by its design, testing and opera-
tional elements, and indicates the degree to which the interactions are
developed herein, either on a numerical basis, or on a qualitative basis,

The biological environment on Mars and its relation to the mission was

examined,

Of major importance is the present uncertainty in the martian atmosphere,
This single factor has a strong bearing on the feasibility of aerodynamic
capture at Mars, including entry corridor tolerances, navigation tolerances,
vehicle lift-to-drag ratio, and the basic configuration of the spacecraft; the
mode of descent and terminal deceleration of surface landers; surface trans-
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portation modes; the design and performance of return-to-orbit vehicles; and
the radiation and micrometeoroid environment to which surface crews will

be exposed.

The surface environment and mechanical properties affect the lander
vehicles, surface transportation modes, and possibly the practical upper

limit on surface dwell time,

w-—QOf primary importance in the cis-martian environment are solar radiation
and micrometeoroid fluxes to which the manned spacecraft will be exposed en
route to Mars and during the stopover in the parking orbit about Mars. While
many models of these phenomena have been conjectured, the fact remains

that much additional experimentation must beperformedto properly define
these factors. Not surprisingly, uncertainties in cosmic radiation and micro-
meteoroid fluxes have a major effect on mission spacecraft gross weight, and
can lead to costly penalties in mission costs, principally through launch

vehicle requirements.

5.2 Discussion of Environmental Factors

Atmospheric Gaseous Composition (Reference 2. 1)

The primary gaseous constituents of the martian atmosphere currently
are believed to be molecular nitrogen and carbon dioxide, with perhaps a small
percentage of argon and with relatively small amounts of carbon monoxide,
ozone and oxides of nitrogen formed in the upper atmosphere by photochemical
action, The rarefied extreme upper atmosphere also should contain atomic

N and O, and some ionic gases and free electrons,

Good determinations of the CO2 content of the martian atmosphere recently
have been made by quantitative spectrographic procedures (References 5,1 and
5.2). The measured CO2 content is 60 T 20 meter-atmospheres (that is, if
all of the CO2 gas in the martian atmosphere were reduced to STP (pressure
and temperature corresponding to ""standard' for sea-level conditions on_

Earth), it would form a spherical shell layer 60 meters high around the planet),

The most probable NZ to CO2 ratio is inferred to lie between 2:1 and 5: 1,
but this ratio may be significantly lower. The uncertainty is in the estimate
of N2 abundance, since the presence of this molecule in the martian atmos-
phere is inferred indirectly, and not be spectrographic measurements,
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Even for high-altitude balloon operations, the earth's atmosphere is com-
pletely opague to all spectral frequencies characteristic of N.2 absorption.
Most of the other gases, with the exception of the inert ones, are too light
for Mars to retain or are too photochemically reactive. Argon is the only

inert gas that has sufficient cosmological abundance to be considered.

Table 5. 3 presents a summary of what is known or suspected concerning
the composition of the martian atmosphere. The attribution by Colthup
(Reference 5. 3) of certain near-infrared absorption bands to the organic
molecule acetaldehyde (CH3CHO) is now considered to be somewhat improbable,
and this molecule is omitted from the table. Upper limits on the quantities
of some molecules, such as OZ‘ have been set by failures to detect these
molecules by spectrographic procedures.

Atmospheric Temperature

The martian meteorology is difficult to agssess as because surface pressures

may be as low as 6-10 mb. The previous conceptions of the martian meteoreology

were based upon 2 model associated with a surface pressure of about 85 mb,
therefore, the significant meteorological parameters (such as wind velocities)

have adjusted where possible for the lower surface pressures (10 mb to 25 mb),

The discussion of temperature, pressure and circulation will be limited
to the troposphere and to the lower layers of the stratosphere that are just
above it. The distinguishing difference between the troposphere and
stratosphere is that the static stability of the troposphere is less than that
of the stratosphere. As a result, vertical mixing of the atmosphere is favored
in the troposphere and is suppressed in the stratosphere. The height of the
tropopause in uncertain: however, one estimate of its height is obtained from
the vertical extent of the yellow clouds, which are believed to be dust swept
up from the bright surface areas, but confined to the froposphere. According
to Slipher {Reference 5.5), the most accurately measured height of the yellow
clouds is about 30 km. This is one indication of the height of the tropopause.
However, other estimates of the height of the tropopause range from 3 to 45
km (Reference 5. 6).
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TABLE 5.3 PROBABLE GASEOUS COMPOSITION OF MARTIAN ATMOSPHERE

Molecule

CO
NO

NO

N,O
CH,
NH
CZHG
SO

6 x10°

Quantity
(in meter -atmos)

120 to 300; possibly
as high as 800

60+ 20

Probably less thanO. 8

(2+ 1) x1072

T

3 2

to 10~

Possibly 8 to 50

Probably less than 1074

Undetermined amounts
in upper atmosphere

2 x1073, if 3. 454 band
entirely caused by
gaseous NO2

0.1

2x10°
2x10
1x10°
3x107°

A AN NNNAMNNA
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Comments

Not detectable spectrographically
through earth's atmosphere

Limits well established. Approxi-
mately 25 times CO, content of
Earth's atmosphere.

Not yet detected spectrographically

Latest determination
(1.4+ 0. 7) x 10.3 gm cm-3

Highest current estimate, and
probabl% upper bound 8 x 10-3
gmcm”~

Lowest current estimate 5 x
104 to1x10°3 gm cm -2

By inference only

Appears from photochemical rela-
tions, that total 03 content is
proportional to logarithm of relative
02 content.

photochemical products

Possible photochemical products.
Some investigators have attributed
polar caps to solid NZO4 and N306‘

and yellow clouds to NO, released
by local surface heating.

Kuiper (Reference 5. 4) has looked
for, but failed to detect these’
molecules. He set the indicated
upper limits to the possible
abundances of these gaseous species
in the martian atmosphere.
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If it is assumed that the troposphere is in convective equilibrium, the
temperature decreases with increasing height at the rate of approximately
3.7°%C km’l. The true lapse rate may not be adiabatic, especially if the
surface temperature is changing. When the ground is warming, the lapse
rate in the atmospheric boundary layer may be many times the adiabatic
lapse rate. Then the true lapse rate decreases with increasing height and
approaches the adiabatic lapse rate at some height above the surface. On
the other hand, if the ground is cooling, the lapse rate in the lower atmosphere
is expected to be much less than the adiabatic lapse rate. Experience on the‘
Earth shows that over the northern Arctic and in the fall and winter the tempera-
tures up to a height of 3 km exceed the surface temperature (Reference 5. 7).
Consequently, one expects that the martian temperatures in the winter polar
regions would be similar: namely, the air in a deep layer above the surface
to be warmer than the surface. Therefore, the assumption that the martian
lapse rate for the troposphere is always adiabatic is not expected to be

satisfied.

The stratospheric temperatures above thetroposphere are conjectural.
The stratosphere is assumed to be in radiative equilibrium. As a result, the
lapse rate would be different than if it were in convective equilibrium. The
temperature of the stratosphere depends on the photochemical reactions that
are caused by the direct solar radiation, and also by the infrared radiation
that comes essentially from the martian ground. The stratospheric tempera-

tures are difficult to estimate at this time.

Since the lapse rate, v, is less in the strétosphere than in the troposphere,
one needs to know the height of the tropopause in order to place limits on the
validity of assuming a constant lapse rate. However, estimates of the thick-
ness of the troposphere vary widely from 3 -~ 45 km. In order to find the
possible range of temnperature in the troposphere, then, one has to vary three
parameters: the first is depth of the troposphere; the second is temperature
of the air about a meter above the ground, which should be used instead of
T(O), if the lapse rate is assumed to be constant; and the third is the lapse
rate«Yswhich is a function of gravity, g, specific heat, Cp’ and molecular
weight, m. Estimates of these quantities are given in Table 5.4 The
specific heats and molecular weights of the various atmospheres in that table
are nearly the same, because each of the atmospheres is composed princi-

pally of NZ’ Also, the specific heats and molecular weights of the other
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Table 5.4 Properties of Model Martian Atmospheres

(10 mb surface pressure)

N2
% by volume
Atmosphere-meters

co,

% by volume

Atmosphere-meters

Molecular weight m
(o4
04
C
g
Adiabatic lapse rate Y
P
TO

Scale height H

Atmosphere-meters

T T <

I,

(o]

5-8

66.7
119.2

33.3
59.6

33,3
6.94 x 10°
9.43 x 10°
1.359
376
3.99
10
230
16.8

0.179 x 10°
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constituents do not differ greatly from the corresponding properties of NZ'
As a result of the similarity of the specific heats, the martian adiabatic lapse
rate is reduced from that of the earth by the ratio of the martian to earth

acceleration of gravity, the ratio being 0. 38.

Pressure and Density Variations

For purposes of the present study a range of possible variations in
atmosphere properties with altitude is desired, based upon uncertainties
or possible interprétations of existing data. While many approaches to this
analysis can be taken, the fact remains that only two quantities are reasonably
well known: surface temperature and CO2 content. Other parameters entering
into the formulation of the atmosphere models are subject to data interpretation,
such as pressure level, or speculation, such as height of troposphere. As
discussed in the foregoing section, atmospheric composition (COZ: other)
probably can be limited to a 5:1 range, although a 12:1 range is possible;
surface temperatures can be measured to within approximately 10 percent,
although it is more pertinent to determine temperature immediately above

the surface rather than on the surface proper.

Rather than formulate new models of the atmosphere to add to the many
max -mean-min model now proposed, the data of Reference 5. 8 will be used
for the parametric system analyses required in the present study. Reference
5. 8 does in fact construct models of max-mean-min atmospheres generally
within the tolerances given above. The greatest uncertainties are introduced
by the lack of data on tropopause altitude and temperature ; tropopause

altitude has not been varied from the nominal in Reference 5. 8.

Table 5.5 summarizes the pertinent assumptions for the various model
atmospheres generated in Reference 5. 8. The range of parameters selected
for the atmospheric composition is in reasonable agreement with the inter-
pretation of spectroscopic data made by STL. Also shown is the Schilling II
Upper Limit model atmosphere, which is used as an extreme maximum for
establishing bounds on manned mission sensitivities. This model seems

beyond predictable limits as established from recent data measurements.

The Mariner -4 mission is designed to make measurements of the atmos-
phere by changes in the doppler signal of the spacecraft in an occulatation

trajectory (Reference 5.9). Discussions of experimental accuracy indicate
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TABLE 5.5 SUMMARY OF STANDARD MODEL ATMOSPHERE
PARAMETERS FOR MARS
(Reference 5. 8)

Minimum .- Schilling II

Lo .+ .- .. Maximum : - Mean-
Parameter Units (Model 1) (Model 2)  (Model 3) Upper L1m1t
mb 40 25 10 1.92
Surface 1bs/sq. in. .0.58 0.363 0.145 132. 6
Pressure
Composition COZ% by Mass 7.5 16 60
’ ' N,% by Mass 92,5 . 84 40
co?_% by Volume 4.9 . 10.8 ' 48.8

’ : N, % by Volume 95, 1 892 1.2
Molec@.].‘;a‘:r:_. l .---, S - e - DT
Weight' *= "' "" | " 28.8 - 29.7 .. 35.85 .. 28.0
Acceleratxon cm/sec . -_37 5 _l . 375 .375. - -+ :390
of gravity ft/sec 12.3 N | »12. 3 . ‘12..3 L 12. 8
at suvface - . - . _
Surface Temp. ~ °K 300 250 200 300

- Y 540 - -~ 450" 360 540
Troposphere K/kng - 13,636 . -3.89, . -4.55 -3.714
lapse rate v °R/1 ft' -1.995 -2, 13‘4 | 22,496 -2.034
Tropopause . lsm | . n : 18 o 22 ~~, .10
altitude =~ ft _‘ 36 100 ” 59 100 ' 72, ZOOA ' 32 800
Stratosphere °k | 260 1 80 o 100 263
temp. °R 468 324 180 472
Top of km . 777150 .. 150 150 ==
stratosphere ft 492,100 492,100 492, 100 --
Thermosphere °K/km . o2 .2 -- o T8
lapse rate’ oR /103 £t 1097 7 1.097 - --
Surface gm/cm33 4, 6Zx10 5 _ 3.57x10 g 2. 16x10“g 1. 49x10
density slugs/ft 8.97x107 " 6.94x10 4.19%10° 2. 89x10
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that surface density and scale height can be determined to + 10 percent. This
degree of uncertainty may be optimistic if the electron densities near the
martian surface are as great as those predicted by recent STL calculations

{see Section - Iouosphere}.

Diurnal Variations

Diurnal variations in the atmosphere have not been estimated because of the
complex relations governing atmospheric circulation due to changes in tempera-

ture, heat balance, solar radiation absorption in the upper layers, etc. Similar

effects observed on the Earth's atmos;:heré may not be applicable.

Winds

Wind velocities are estimated on the basis of the movements of dust clouds,
which have been observed to drift at the rate of about 25m/sec, and by noting
the wind velocities necessary to generate dust clouds. Further estimates can
be made from general theories of atmospheric movements, based upon known
movements in the earth's atmosphere, although values derived on this basis
indicate tidal or gross effects only, and do not predict local, high-velocity
winds. Local high-velocity winds are difficult to predict analytically and are
usually established for the earth's atmosphere on a frquency—magnitude basis
from observations. Application of the frequency-magnitude correlations

obtained for the earth's atmosphere to that of Mars is not directly possible

because of differences in density levels and thermal gradients. For present

purposes, the maximum speed of dust cloud movement (25m/sec) is
applied to the assumed mean density atmosphere (Model 2 (25 mb)),
and ratioed by dust generation requirements to the max-min atmospheres.

The wind velocities thus obtained are given below,

TABLE 5.6 WIND VELOCITIES

Atmosphere Model 3 (10 mb) Model (25 mb)  Schilling II
No gradient 200 fips 131 fps 79 f{ps
Max gradient (at 30, 000 ft) 320 251 - ) 199

5-11



5303-6013-TU000

In addition to the surface winds, a maximum gradient of 4 fps per 1000 ft altitude
has been superimposed on the surface values, giving the large wind magnitudes
noted at 30, 000 ft. The assumed gradient is based on those observed occasionally
in the earth's atmosphere, ‘and is approx1mate1y four times greater than that

predicted by stud1es of. c1rcu1at1on of the mart1an atmosphere (Reference A.6).

Surface T emperature

Martian surface temperatures are based on the measurements of the
intensity of the 1nfrared radiation from Mars. Gifford (Reference 5.10) published
the most recent data that give the martian surface temperatures for each season.
These data are frequently used to describe the seasonal variation of surface
temperature (References 5.11, 5.12). However, Gifford's data contains_
unexplained inconsi’istencie‘s.» . First, Gifford shows the summer temperatures.
in the northern hemisphere to lexceed the southern hemisphere summer
temperatures. Northern heinSphere summer occurs at aphelion; whereas that
of the southern hemisphere oc¢curs at perihelion. The aphelion solar eonstant
is 0. 68 of the periheli'on solar: constant. Since the northern and southern
hemisphere albeddes are approx'ir‘n.ately the same, the aphelion insolation
should be less than the perinrelion"'insol'ation, resulting in cooler northern
hemisphere summers. The same type of reasoning shows that the hottest
part of the southern hem1sphere (latxtude -20' ) during its summer should be-
come cooler during the winter; but the temperature is the same during the
summer and wmter. Another exa_rnple of Gifford's apparent inconsistencies
is that the northern hemisphere se'asonal temperatures do not change as one
would expect them to. Gifford shows the summer (northern) to be the warmest
as one would expect. However, the next season (fall) is the coldest. The
following winter is about 20°C warmer than the fall. The succeeding spring
and then summer warm in the expected sequence. But there appears to be
no reason for the sudden drop from the maximum summer temperatures to
minima in the fall. Another unusual feature of Gifford's data is the character
of the temperature curve for the southern hemisphere in its spring. However,

Gifford suggests this curve does not represent the average spring temperatures.

de Vaucouleurs (Reference 5.13) has given a more consistent picture of the
average diurnal and seasonal surface temperature. These data are repro-

duced on Figure 5.1. de Vaucouleurs estimates the probable error of the
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temperatures to be 5°C. The time of day is given on the ordinate, and the
season is given on the abscissa. Along the top of the separate illustrations
appear letters, which have the meanings of e for equinox,. s for solstice, A for
aphelion, and P for perihelion. The figure shows the expected diurnal trend
of temperature, .except that the maximum temperature does not occur exactly

at noon, but one-half to one hour later..

The seasonal maximum and minimum témperaturés occur one to two
months after the ébrfesponding maximum and minimum of solar insolation.
'In the equatorial region (lower right illustration of Figure 5.1) the perihelion
maximum temperature is 30°C higher than aphelion maximum tempggatures.
At the same time of day the perihelion temperatures are 15° to 30°C warmer
than the aphelion temperatur;es. Also, the seasonal variation in the mean
temperature for a given timé of the day is less than the diurnal variation,
which reaches a maximum value of 55°C at perihelion. This estimate of the
diurnal variation seems to be low. Sinton and Strong (Reference 5.14) have
given surface temperature data that indicate that the diurnal variation in the

equatorial regions near the time of perihelion i‘s‘IOOOC.

The two top illustrations of Figures 5.1 show that the dark areas become
both hotter and colder than the bright areas. The mean noon-time temperature
varies durihg a maréiah year by 60°C over the dark areas, but only by 25°C
over the bright areas. At a high latitude of +50°N (lower left illustration),
which lies near the edge of the polar white cap, the total variation of mean |
temperature is slightly less than at a lower latitude dark area (upper right

illustration).

Enhanced Atmospheric Ionization (Altshuler)

The absence of oxygen molecules in the martian atmosphere implies that
the ionization levels due to solar flare disturbances, as well as the baéliground
cosmic-ray ionization, can be considerably higher than in the Earth's atmos-
phere. Furthermore, the radioactivity of the surface can produce a higher '
level of ionization than in the case of the Earth. The three effects will be

discussed below.
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a. Solar Flare Ionigation in the Martian Atmosphere

Owing to the varig}gility of the solar flare-produced proton spectra, a
representative energy ‘épectrum for a class 3@ flare will be selected to dis-
cuss the electron density enhancement produced in the atmosphere of Mars.
This representative spectrum is called Bailey's 'typical' event, which is a
maximum spectrum synthesized from all existing data, and is realistic for
the first few hours at the worst pos‘sible phase of a flare event. This class
3+ flare occurred 4l times in 1958, 65 times in 1959, and 70 times in 1960.
Shaefer (Reference 5.15) computes the attenuation of this flare -produced
proton beam in the Earth's atmosphere. The resulting flux distribution in the

atmosphere is shown in Figure 5. 2 below.
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75 12 2.3 0.33 0.1 {gm cm-2)

Figure 5.2 Atmospheric Ionization

In computing the total flux associated with this model flare, Shaefer has

taken into account the longer path length of the obliquely-incident protons.

We are now in a position to discuss the ionospheric enhancement
associated with this flare. First, let us recall that the energy deposition rate
E at any point in the atmosphere is

E=¢ p & (1)

where @ is the proton flux, pthe density in gm cm-l, and de/dx is the
stopping power in ergs/gm cm-z. If 1 is the average energy required to

produce 1 ion (~ 32 ev) then the ion production rate R; is given by
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R.:q)p" de -1

T &= ion pairs cm-3sec | (2)
and ifotnz is the electron-recombination.rate, the electron density is then
determined from the equilibrium equation
2_®p de ' ' '
=T &% . (3)

The first important observation is that the product @ p' ‘has a maximum
with respect to atmospheric depth. - This is clear from the exponential decay
of p and the roughly quadratic rise in ¢ appearing in Figure5.2. The peak
electron concentration occurs at this point in the atmosphere. Application to
the 10 mb (30 gm cm_z) and 29 mb (75 gm cm—z) models of the martian

atmosphere yields the data summarized in the table below.

TABLE 5.6 ATMOSPHERIC IONIZATION FROM "TYPICAL"

3+ FLARE

. : -2 : =2

10 mb (30 gm cm 7) 29 mb (75 gm cm_7)
Altitude for maximum -2 , w2 . .
ionization rate 7 gm cm ~ (1. 4 x scale ht) 7gmcm © (2.3 x scale ht)
Maximum ionization 3 1 ‘_3 | -1
rate . 400 ion pairs cm ~sec 400 ion pairs cm “sec
Electron density 3 x10% cm™3 3 x10% cm™3
Surface ionization rate ~ 400 cm-3 sec-:l 100 cm-3 sec-l
Surface electron :
density 3 x 10% cm™3 1, 5x 10% cm™3

Surface electron

density (Relativistic Flare) 3 x 10° cm™>

Note: The electron recombination rate is 5 x 10-7 cm~3sec -1 for the

‘ rea.c.tion e+ N;—>N + N.

For an additional data point concerning this subject of electron density |
enhancement in the lower martian atmosphere, let us consider the relativistic
23 February 1956 flare. Foelsche (Reference 5.16) estimated an L;,pper limit
rate in tissue of 4000 millirad/hr, at a level in the Earth's atmosphere
corresponding to 35 gm cm-z. His calculation can be converted from tissue to -

the density corresponding to the 10 mb martian atmosphere, a density of 10'5
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gm cm_s. In this manner an ionization rate of 2 x 104 ion pairs cm-3 sec“1
is obtained. It, therefore, follows that the electron density near the martian
surface for a 10 mb atmosphere produced by the 23 February 1956 flare is
3Ix 105 cm-?’. For a higher martian surface density larger electron con-
centrations would be expected in the case of such a flare. The electron con-
centration decays slowly with time. About four hours is required to reduce

the electron density by a factor of 100.

b. Background lonization from Surface Radioactivity

If the surface radioactivity on Mars is similar to that of the Earth, the
absence of a strong electron trapping molecule, such as 02, suggests the
existence of a conductive atmospheric layer adjacent to the surface. In the
case of Earth it is known (Reference 5.17) that the ionization rate is 10 to

50 ion pairs cm-3sec in the lowest 1 meter above the ground. The source of
these ionizing radiations are radioactive rocks and radicactive gases, and the
cosmic~ray constituent a minor source. On the martian surface the density
for a 10 mb model atmosphere is about 10_2 that of the Earth. Consequently,
the ionization rate ranges from 0.1 to 0. 5 ion pairs cm_3sec_ , if one assumes
the same surface radioactivity strength as on Earth. The range, however, is
now extended from 1 meter above the ground to 100 meters above the ground.
The background electron concentration is 103 cm-3 for an electron recombina-
tion coefficient corresponding to the recombination with the nitrogen molecular
ion. It is noteworthy that, unlike the Earth, the galactic cosmic-ray ionization
in the lower martian atmosphere is likely to be larger than the background
ionization produced from the radiocactive sources. For example, about 480

ion pairs cm‘3.sec lare measured at the 30 gm cmﬁz level in the Earth's
atmosphere using an ionization chamber. Since the ionization chamber gas

is at STP and a 10 mb atmosphere amounts to 10—2 of the STP density, the
ionization rate is reduced to 4. 8 ion pairs Cm-BSeC-l. Thus, the cosmic-ray
ionization rate dominates the radioactivity rates, assuming again the radio-
active source strength to be the same for Mars and Earth. The electron con-
centration near the Mars surface produced by the galactic cosmic rays is

3 x 103 cm-s.

These considerations have so far ignored any possible magnetic shielding.
In the event of a substantial magnetic field for the planet Mars, it is then
likely that the galactic cosmic rays can no longer dominate the ionization pro-

duced by martian radioactivity. If this were the case, simple conductivity
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measurements in the atmosphere on a Lander mission would reveal the

existence of radioactive sources in the martian crust.

c. Summary of Atmospheric Ionization in the Ground Level Atmosphere

on Mars
TABLE 5.8 GROUND LEVEL IONIZATION
Event Atmospheric Ground Level lonization cm'-3

(10 mb) (29 mb)
Relativistic flare 3x10° 5 x 107
Solar flares (1/wk) 3x10t  15x10%
Galactic cosmic-ray background 3x 103 5 x 103,
Surface radioactivity 103 1.7 x 10°

It is important to note that we have assumed that the major constituent
in the Mars atmosphere is nitrogen. This has not been verified, and if, as
has been suggested, argon should be the major constituent, the electron
density levels and the persistence of the ionization could conceivably be much

larger, possibly by a factor of 100.

Electrical Breakdown

Because of the possible enhanced ionization near the surface of Mars,
electrical breakdown may be encountered unless specific measures and test
procedures are taken to avoid it. The breakdown may occur in CW or pulsed
electromagnetic radiators, at the frequencies given in Table 5.9. All power
generating systems for Mars surface operation should be tested for breakdown

in CO N2 atmospheres at reduced pressures.

2!
It is noted that should the surface ionization reach the levels indicated
in Table 5.8, the validity of the data on the atmosphere, to be acquired by
Mariner 4 may be in doubt. It is the intent on this flyby to measure the
attenuation of rf signals as they travel through the martian atmosphere,
thus giving data on the density and scale height of the atmosphere. Surface

jonization will affect these measurements.
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IonosEhere

The ionosphere predicted f or the upper atmosphere is given in the follow-

ing table.

TABLE 5.10 IONOSPHERE (1l to 30 MB ATMOSP}IERES)

DENSITY ALTITUDE
(ELECTRONS/CM3) (KM)

6 X 10° 470

6 X 10° | 380

6X 10° 600

Absorption (Reference 2.1)

One of the most significant functions of a planetary atmosphere is the
role it plays in the extinction of the solar extreme ultraviolet radiation |
which would be severely damaging both to unshielded organic life processes
and to unshielded electronic apparatus. Figure 5.3 presents a summary of
what is known concerning the extinction of solar ultraviolet radiation by.the
fairly well established minimum CO2 and N2 quantities in the martian
atmosphere, and by somewhat arbitrarily conjectured quantities of NZO'

The format of the figure is quasi-graphical, but without attempt at uniform
scaling. The ''ordinate' entries in the first column, represent'the percentage

of the atmospheric gas, measured from the top, which would be penetrated by

a vertical solar beam before virtually complete absorption extinction

[1 - exp( -'ria), with 7 ia 2 6] occurs for the wavelength interval reprehented
by the '"abscissa'' entries in the top row. A uniform mixing ratio is assumed
for the gaseous constituents. For the sun below zenith, extinction would
occur at higher altitudes (corresponding approximately to 1ia sec { > 6).
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Figure 5.3 also indicates the possibility of diffuse outwardly-directed
radiation fields arising from resonance -fluorescence scattering by high
altitude NZ’ CO and NO molecules that lie above the region of relaxation of

electronically excited states by collisional de -excitation.

In Earth's atmosphere, shielding from wavelengths approximately 2100 to
2900 X is provided by atmospheric ozone. The ozone content of Earth's atmos-
phere is approximately 0. 3 atmosphere-centimeters and is concentrated mostly
in an upper atmosphere '"'shell.'" It is assumed that the 03 content of the
martian atmosphere also would be concentrated in an upper -atmosphere layer.
While some investigators have advanced theoretical arguments to infer as much
as 0.1 atmos-cm of 03 in the martian atmosphere, the best current inferences
appear to set an upper bound of 0.0l atmos-cm of 03. Figure 5.4 shows the
percent transmission spectrum of normally incident sunlight for both 0.1 and

0. 01 atmos -cm layer of 0 It is seen that, unless the actual 03 content is

appreciably higher than t}::e favored upper bound of 0. 0l atmos-cm, there will
be a leak-through of potentially lethal solar ultraviolet radiation. An 63 layer
of 0.0l atmos-cm is seen to pass at least 4 percent of normally impinging solar
ultraviolet radiation, even in the vicinity of the maximum absorption region

o
near 2500 A.

The "blue haze'' of the martian atmosphere also offers some possibility
of shielding the surface of the planet from dangerous ultraviolet radiation.
It appears quite probable that the observed extinction in the blue and near-
ultraviolet is caused primarily by aerosol particle, or possibly gaseous,
absorption rather than by particle scattering. e)'pik has inferred that
the '"blue haze' is an '"absorbing smoke,' over 70 percent transparent in
the red, but with a vertical transmission that drops rapidly in the blue until
it levels off at approximately 5 percent between 4050K and the 3300%
limit for which albedo observations were made. If this provisional analysais
of 8pik's is correct, then it is possible that this 95 percent shielding absorption
by the '"blue haze' layer may continue into the shorter wavelength ultra-
violet, as shown by the dashed segment of the horizontal line in Figure 5.3.
However, even a 5 percent leak-through of hard solar ultraviolet radiation
could be dangerous to unshielded apparatus and biological processes. Also,
the '"blue haze' has been known on occasion to exhibit short time interval

planetary wide clearings.
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Nuclear Radiation Environment (Altshuler)

There are three regimes of the space environment which require careful
consideration as to the shielding precautions on long duration missions.
These are
1. Galactic Cosmic Rays (GCR)
2. Solar Cosmic Rays (SCR)
3. Magnetically Trapped Radiation
(Martian Van Allen Belt)
a. Galactic Cosmic Rays
GCR is a continuous phenomenon. This omnidirectional radiation is com-
posed primarily of protons of energy greater than 1/2 Bev. The spectrum is
well determined near the Earth but may be somewhat greater farther out in the
Solar System, near Mars. This will need to be determined experimenfally.
From Pioneer V measurements (1 gm/cm2 shielding), the tissue dose rate
was determined to be 0. 015 rad/day or about 6 rads/yr. However, in large
spacecraft this dose may be increased as a result of nuclear cascade multi-
plication. The question at hand is, for a given incident energy of the primary
proton what is the particle flux at any given depth in a nuclear cascade? Such ’
a cascade may develop whenever the incident energy is greater than about 150
Mev. The cascade particles (secondaries) are composed of mesons, gamma
rays, neutrons, protons and electrons, and all of these particles contribute to
.the dosage. The question cannot be answered definitely at present. However,
the most extensive data available are to be found in studies of the nuclear
cascades produced in the atmosphere by primary cosmic rays. But there is a
basic difference between a cascade in the atmosphere and one in condensed
matter. In condensed matter the positive and negative pi-mesons will react
with nuclei, while in the atmosphere they will not because they will decay before
having a chance to interact with nuclei. The main result is that the depth
variation of an atmospheric cascade is different from that of a cascade in con-
densed matter. Nonetheless, the data we now have of the atmospheric cas -~
cade do give an indication of what may be expected in the case of shielding
material, even though the details may be different. Now an ionization chamber
at any point in the atmosphere measures the total energy deposited (absorbed
dose) in the sensitive volume of the chamber. Fortunately, extensive measure-
ments of this kind were made during the solar minimum of 1954 (this corresponds .
to the max. GCR). The result (References 5.18, 5.19) is that at no depth in

the atmospheric cascade does the absorbed dose due to GCR exceed 10—3
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rad/hr = 8 rad/yr. Figure 5.5 presents the experimental data. It is

<

haeld

impeortant to observe how ineiffective the Mars atmosphere is as a

£

b. Solar Cosmic Rays

This is a complex and elusive phenomena which lasts for hours or days.
The intensity of SCR, when they do occur, is several orders of magnitude
greater than that of GCR, and the height and shape of the energy spectrum
continuously changes with time in the course of a single event. Also,
individual SCR events differ greatly from one another as a result of both
solar and space propagation effects. Therefore, dosage estimates made from
some average event will not resemble what may be experienced in a particular
flight. BStatistics are very poor, and data prior to 1957 is poor. However, it
is possible to establish a synthetic energy spectrum which can be considered
representative for a typical large flare. This has been done on the basis of
an evaluation of all existing data on flare-produced proton fluxes. Such a
spectrum as proposed by Bailey (Reference 5. 20) is shown in Figure 5.6.
This solar cosmic ray model is adequate for estimating maximum solar pro-
ton doses on the martian surface. It is a maximum spectrum which is
realistic for the first few hours at the worst possible phase of a flare event.
This class 3+ flare occurred 4l times in 1958, 65 times in 1959, 70 times in
1960. The frequency declined since 1961. Thus, the average occurence rate

during the last sunspot maximum is about one per week.

Detailed dose rate estimates for this flare have been made by Schaefer
(Reference 5.20). Figure 5.7 indicates the associated tissue dosage rates of
Bailey's "typical' event as a function of atmospheric depth. The figure alsoc
indicates the computed dosages expected from the 3" flare of 20 November 1960.
A balloon measurement at 120,000 ft (6 gm/cmz) is also indicated.

The statement that the spectrum of Figure 5.6 and the corresponding dose
rates are representative for a maximum event needs some meodification. At
rare occasions (7 times in the past 20 years, namely, twice in 1947, twice in
1960,‘ and once in 1946, 1949, and 1956) so-called relativistic flares have been
observed which show a substantial increase of particle flux up to at least 10
Bev in the energy spectrum. The largest in terms of integrated dose occurred

on 23 February 1956. The data below pertains to this particular 1956 flare.
Total shield (gm/cm?) 10 20 30 35

Dose (rads) 35-100 25-50 25-40 20 - 35
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With respect to Bailey's representative event having an occurrence

frequency of approximately one per week during high solar activity, detailed
dosage calculations have been carried out for the tissue dose behind 1 gm/cm2
of shield and a 16 gm/cm2 shield. The results in free space as well as upon
the martian surface are presented in the following table.

TABLE 5.11 SOLAR COSMIC RADIATION DOSES
Dose (rad/wk) ‘

Free Space On Martian Surface
Shield 11 mb 15 mb 22 mb 29 mb -
gm/cm? (30 gm/cm?) (40 gmjerd (60 gmfcr) (75 gmferd)
-2 -2
1 21 0.25 0.13 4x 10 2.5x10
-2 -2
16 2.3 0.13 0.09 4 x 10 2.5x10

It is interesting to observe the insignificant effect of the extreme 15 gm/cmz
shielding for the denser martian atmospheres. This indicates simply that the
low energy protons have been filtered and that negligible attenuation occurs

for the remaining very high energy particles.

¢, Summary of the Dosages on the Mars Surface

The maximum dosages expected for a one-=week residence upon the Mars

surface appear in the following table,
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TABLE 5.12 EXPECTED DOSAGES

EVENTS INTEGRATED DOSE
GALACTIC COSMIC RAYS PER WK ON SURFACE 0.17 RAD
SOLAR COSMIC RAYS PER WK ON SURFACE 0.25 RAD (11 MB ATMOSPHERE)
ONE RELATIVISTIC FLARE ON SURFACE 40.0 RAD (30 GM CM™2)
TOTAL WEEKLY TRIP DOSE ON SURFACE 40.4 RAD
DOSE IN TRANSIT (22 GM CM™2)

G 9 RAD PER YR

SCR

104 RAD PER YR

TOTAL DOSE (1 YEAR) 153 RAD

Apparently, the only concern relates to the rarely occurring relativistic
flares. Such flares can be detected on Earth to provide a warning to the
martian expedition. There is, of course, no way to aveid such a flare during

transit.
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Meteoroid Flux

Meteoroid flux in cismartian space will have a significant effect on

vehicle gross weight, and in general, must be better documented with

experimental data, which are very poor in certain critical areas of impor -

tance to the designer.

? prediction models of meteoroid flux are based in part on the following

sources of data:

1.

Satellites operating primarily (to date) in the near -earth
environment; few data are available from deep space probes.
Data are further limited to small particle sizes, less than
10-6 to 10_7 grams. The application of these data to inter -
planetary space is rendered difficult by the apparent dust

cloud surrounding the Earth.

Radiations of zodiacal light. These faint radiations are
observed near the ecliptic plane, and are due to the presence
of very small particles, or a dust cloud, between the Earth
and sun. These particles tend to spiral in to the sun, and
are replaced, probably by asteroid and comet fragmentation
and ejection. The mass of particles involved may not

exceed 10_5 grams.

Visual, photographic and radar observations of the relatively
larger meteoroids. These observations are made possible by
the interaction of the meteoroid with the earth's atmosphere,
which gives rise to ionization and visible radiation. The
smaller particles are vaporized, and the resulting visible
trails and radar echoes used as indications of mass and
velocity. Particles as small as 1073 grams can be detected

in this manner. These data are most helpful because particles
of this size are pertinent to the design of vehicle shielding.
Particles of this type are cometary in nature, and probably

decrease in flux at greater distances from the sun.

Visual and radar observations of asteroids. These are rela-
tively large bodies lying in a belt situated between Earth and

Mars. Asteroids of large size have been detected and
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correlated for size-flux distribution. The extrapolation of this
distribution data to particle sizes of interest in shielding
analyses are doubtful, but have been used bv Kessler and others

to "link" the cometary data of (3} to the asteroid data of {4).

Data obtained from satellites is shown in Figure 5. 8, as shown in Reference
5.23. The data extend up to sizes of approximately }.0’6 grams, and are based
on measurements taken mostly in the near earth environment. As discussed
by Whipple (References 5.21 and 5.22 ), there is good evidence of a ''dust
cloud'" attached tb the Earth. The origin of this "cloud" in unknown, but may
be due in part to the ejection of material from the moon by meteoriteic bom-
bardment, by capture as a result of inelastic collisions between interplanetary
particles, and by capture through aerodynamic deceleration. Whipple
(Reference 5.22) has proposed a strong altitude dependency for the flux of
small particles (10—9 grams) near the Earth (see Figure 5.9). The model
seems to be substantiated by its agreement with a} the zodiacal flux in inter-
planetary space, and b) data obtained by Mariner II during transit to Venus.
Data from the latter source were very limited, and do not constitute adequate
verification of Whipple's altitude scaling law. In general, particles of the
size covered in Figure 5.8 are too small to be of significance in determining

vehicle shielding thicknesses.

It is doubtful if the '"dust cloud' phenomenon and its associated altitude
dependency described above apply to larger meteoroids detected by visual or
photographic and radar observations as reported by Hawkins and cothers. In
general, these data apply to meteoroids weighing 10-3 grams and greater,
traveling at velocities on the average of 22 to 30 km/sec { Lowell}, which is
above the escape velocity with respect to the Earth which is about 11 km/sec.
At these velocities, the focusing effect of the gravity field of the Earth is
small, hence, the data are representative of the interplanetary environment
at the Earth's distance from the sun. In this regard, it might be noted that
Whipple's flux-mass law, which is based on Hawkin's observations at mass
values from about 10”3
in the 107°

measurements may be influenced to a significant degree by the proposed ''dust

to 103 grams, tends to merge with the satellite data

to 10'8 gram region {(see Figure 5. 8). Since the satellite flux

cloud" surrounding the Earth, Whipple's flux-mass law, as applied to inter-
planetary space, should not merge with the earth satellite data, but should pass
through data points obtained by space probe satellites, which in turn should
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agree with Whipple's altitude extrapolation through the "dust cloud" to free
space. This can be done by adopting Whipple's version of Watson's flux-mass
law: :
N =1.34 log m+ 2.68 log (0.433/p) -14. 48 |
( Whipple -1963)

N = - log m+ 2 log (0.443/p ) - 13.80
(Watson as modified by Whipple -1963)

These flux-mass laws are in agreement at 10-2 grams, but the Watson-
Whipple law is in better agreement with the zodiacal flux law and with the
Mariner II space probe data in the micrometeoroid range, and is the preferred

model.

Whipple's 1963 flux-mass law is about 1. 7 orders of magnitude lower than
his 1957 law, do largely to new interpretations of mass-visual magnitude
relations based on recent data. There remains some uncertainty in the
meteoroid iaws in the vehicle shielding design range (*'“10'3 grams), but the
uncertainty should be no greater than one order of magnitude. Accordingly,

this degree of uncertainty is used in the mission sensitivity analysis.

The question is raised concerning the extension of the flux-mass model
law to the region of the martian orbit. The meteoroid flux-mass model of
Whipple can be adapted rather easily to variable radius missions by incorporat-
ing the orbital heliocentric characteristics of the particles as derived from
visual-radar observations. Based upon the velocity spectra given by Lovell
and others for these particles, which indicate that many of the particles follow
highly eccentric paths in heliocentric space, it can be predicted that the flux
due to these particles decreases with increasing distance from the sun. No
calculations of this reduction have been made, but Hamermesh indicates a
reduction to 39 percent of the flux at 1 AU in the vicinity of the Mars orbit.
For design purposes, it may be appropriate to use the near -Earth law without

modification.

Kessler has developed a flux-mass law for asteroids, which he then shows
to have a dominating effect in the region beyond the Earth, at particle sizes
greater than 10_4 grams, which would include the mass range of concern to
the vehicle designer. Essentially, Hawkins' statement that the asteroid flux

is equal to the cometary particle flux at Earth in the range from 0 to -5 visual
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asteroids!! This technique is so highly speculative as to render its validity

questionable. Many factors such as particle density, velocity spectra, and
correlation of visual magnitudeto mass for asteroids, which depends heavily

on velocity (the velocity spectra of asteroids may be greatly different from

n

that of cometary particles), must be established on a firmer basis before gros

extrapolations of this type can be attempted.
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6. AERO ENTRY SYSTEM ANALYSIS

The main Mars spacecraft will approach Mars along a hyperbolic path,
and must decelerate to below parabolic velocity in order to be captured by
Mars. The Mars orbit rendezvous mode makes it desirable to decelerate the
spacecraft into a low altitude circular parking orbit to facilitate the sub-
sequent landing operations, although a moderately elliptic orbit tends to

reduce the departure propulsion requirements.

The deceleration maneuver can be accomplished by aerodynamic
braking if sufficient lift-to~drag ratio is provided in the design to accom-
modate uncertainties in terminal guidance, and in the properties of the
atmosphere. Aerodynamic braking is attractive from an overall mission
standpoint because of the relatively low weight of the aero braking system
compared to that of a retro braking system; the reductions in overall system

weight are especially large for chemical propulsion configurations.

The purpose of this section is to determine the sensitivity of the aero
entry system described in Section 4 to uncertainties in the Martian atmos~
phere, and to compare the corridors attainable with a range of lift-to-drag
ratios with guidance corridor requirements. The atmosphere models
considered are: Model 3 (10 mb), Model 2 (25 mb), and the Schilling upper
iimit model (132 mb}. The effects of uncertainties in atmosphere density,
scale height and composition are considered, both for relatively moderate

uncertainties, as well as for gross uncertainties.

6.1 Corridor Analysis

For present purposes, corridor depth is defined as the difference in
altitude of the virtual or vacuum periapses of the overshoot and undershoot
trajectories. The overshoot trajectory is flown with a aiven consiant ne ia -
tive /L ratio which allows the vechicle to exit from the atmosphavce at ch2
desired velocity. ‘the virtual periapsis of ihis overshoot irajectory is
function of the exit velocity. The undershoot trajectory is flown with a
given constant positive L/D ratio. As with the overshoot case, the periapsis
altitude for the undershoot case is a function of exit velocity. The under-
shoot trajectories found in this study did not have resultant decelerations

exceeding 10 g's.
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For the purpose of examining the change in corridor requirements
with atmospheric characteristics for an aerodynamic braking maneuver in
the Martian atmosphere, point mass trajectories for vehicles with lifting
capability were computed. These trajectories were computed for three
atmospheres specified by the Ames Research Center. These are the Model
2 and 3 atmospheres of the NASA Engineering Models of Reference 6. 1 and
the upper limit atmosphere of the Schilling Model II atmosphere of Reference
6. 2. The density variation with altitude for these atmospheres is given.
in Figure 6. 1. The lifting capability of the vehicles was given at a constant
L/D ratio. The overshoot type trajectories were computed for L./ D values
of -0.3 and ~-0.1 and the undershoot type trajectories for L/D values of
+0.3 and +0. 1. A non-rotating planet and an entry velocity of 27,500 ft/sec
at an altitude of 800,000 ft were assumed. A value of W/CDA = 765 lb/ftz
was used for the ballistic coefficient. Results of the trajectory calculations
are given in Figures 6.2 through 6.7. In Figures 6.2, 6.3, and 6.4, the
virtual periapsis altitude is given as a function of the velocity of the
vehicle as it leaves the atmosphere at an altitude of 800, 000 ft. Figures
6.5, 6.6, and 6. 7 are similar, but actual minimum flight altitude is given

instead of virtual or vacuum minimum altitude.

Figures 6.2 through 6.7 are of interesf in defining L/ D requirements.
For example, if a given vehicle design must accommodate all three atmos-
pheres, a corridor exists only for an L/D = 0,3 and then only if the
vehicle is slowed to below 14,000 fps. It is noted that this is an upper
bound on corridor depth since certain operational problems will reduce

the corridors such as allowing for the ability to maneuver (Reference 6. 3),

According to Figure 6. 7 the actual minimum altitude of flight for the
L/D = 9.3 is downaround 10,000 ft. Thus a higher L /D capability is not
useful for a vehicle with this ballistic coefficient. Lowering the ballistic
coefficient while maintaining the same L /D probably requires lowering the
overall density of the vehicle, which is undesirable when the initial

assembly of the vehicle in earth orbit is considered.

Since accommodating all three atmosphere models with a given design

presents an almost prohibitive corridor situation, it is of interest to
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consider the less restrictive case where the Mars atmosphere is better
known. For this purpose the NASA atmosphere Model 2 was taken as a
nominal atmosphere and the effect on corridor depth due to variations in

surface density and scale height were investigated.

First a variation of + 10% in scale height was investigated. To per-
form this analysis, Chapman's approach to the entry problem (Reference
6. 4) was used. Trajectory solutions which had been computed as discussed

above are shown in Figure 6.8, where the L/D parameter,

_\/('I:rp—)_ L/D,

0

is plotted as a function of the log of the periapsis parameter, Fp. The

periapsis parameter used in this figure applies to trajectories that have
an exit velocity of 12,500 fps. The computed points for the Model 3
atmosphere fall off the curve because the trajectories extend into a non-
isothermal portion of the atmosphere below the stratosphere. The
correlation of Figure 6.8 is used for determining corridor depths as
functions of atmosphere scale height and density. The effects on corridor
depth of 10 percent variations in scale height and density are given by
Figures 6.9 and 6.10. Figure 6.11 shows the variation of density with
altitude, which was obtained by taking a variation in the stratosphere
scale height of + 10 percent. Figure 6.12 shows the effect on the virtual

periapsis altitude produced by the + 10 percent variation in scale height.

Next the variation in periapsis altitude due to a 10 percent variation in
sea level density was considered. A given corridor depth for the Model 2
atmosphere is decreased by 9, 000 ft when the flight takes place in the
stratosphere due to a sea level density uncertainty of + 10 percent. This

effect in terms of periapsis altitude is shown in Figure 6.13.

In addition to the consideration of these 10 percent variations in
atmospheric properties, the effects of gross variations on corridor depth
were also considered. The intermediate NASA Model 2 was used holding
surface density constant but using the variation of density with altitude
given by the NASA Model 3 and the Schilling atmospheres. The resulting

atmospheres are shown in Figure 6.14. The virtual periapsis altitudes
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for these atmospheres and a vehicle with L/D capability of 0.3 are shown
in Figure 6.15. An L/D value of 0.1 is not shown because no corridor
remains for this case. The figure shows the decrease in corridor depth
caused by these gross deviations from the Model 2 atmOSphere.

Slmllarly, the Model 2 atmosphere was vaned by sh1ft1ng the surface
density but not its vanatlon Wwith” alfxtude These atmospheres are shown in
Figure 6.16. The resulting variations.in virtual periapsis altltudef and
therefore corridor depth are shown in Figure 6.17 for L/D = 0.3. Here

again the corridor no longer exists for an L/D of 0.1.

Finally, the net corridor depths are shown in Figure 6.18 for the variation
of the Model 2 atmosphere from the Model 3 atmosphere on one side of the -~
Schilling atmosphere to the other. The remaining corridor for L/D = 0.3 ,
theoretically exists only for exit velocities belox?v 13,800 ft/sec. It should be
kept in mind that this corridor is further reduced by maneuvering require-

ments such as discussed in Reference 6.2.

A summary of corrldor depths is given in Figure 6.19 where the corrldor
depths are given as a functlon of exlt veloc1ty ‘The corridors are. glven for -~
L/D = 0.1 without atmrospheric uncertalntxes, and for L/D = 0.3 with '

variations from the Model 2 atmosphere as dlssg,ussed above.

The results of the abave analysis as Qill*..he’ciiscus.sed in. Section 6.2,
indicate that if the worst combination of properties of the. three atrinospheres is
allowed, a lift-to-drag ratio of 0.3 provides a marginal braklng maneuver entry
corridor. In view of this conclusion, a vehicle with a lift-to- -drag. ratio of 0.4

has been examined with the following results.

Figures 6.20, 6.21 and 6.22 give virtual periapsis altitude as a function of
exit velocity for L/D = 0.4 and a ballistic parameter W/CDA = 2000 lbs/ft2
Figures 6.23, 6.24 and 6.25 give minimum flight path altitude as a function of
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exit velocity. These curves were obtained by extrapolating the above results

for L/D = 0.3 to an L/D of + 0.4 and shifting down to a lower altitude to

account for the higher W/ CDA. The portions of the curves shown as dashed lines
represent trajectories which intersect the planet surface. Corridor depths for
the three atmospheres are shown in Figure 6.26. It is seen that corridor depths

for NASA Model 2 and 3 atmospheres are limited on the positive L/D side by a

restriction on the minimum flight path altitude. In Figure 6.27 is shown the
corridor depth for a vehicle braking in an atmosphere whoée properties repre-
sent the worst combination of the Schilling Model II Upper Limit and the NASA
Model 3 atmospheres.

As noted above, the corridor depths in several cases are limited by a
minimum flight path altitude restriction. The effect of reducing the W/CDA is
to increase the minimum flight path altitude. Thus, the corridor depths shown
in F